False indigo, Illinois bundleflower, purple prairie clover, blue wild indigo, wild senna, alfalfa, birdsfoot trefoil, forage quality, crude protein, digestibility, neutral detergent fiber, Fabaceae
Native perennial legumes have potential for use as components of grazing systems. Palatability affects forage utilization by grazing livestock, but relative palatability of native legumes is unknown. We determined the palatability of these native legumes of the Fabaceae family based on relative leaf consumption: false indigo (Amorpha fruticosa L.), Illinois bundleflower (Desmanthus illinoensis (Michx.) MacMill. ex B.L. Rob. & Fernald), blue wild indigo (Baptisia australis (L.) R. Br.), wild senna (Senna hebecarpa (Fernald) Irwin & Barneby), and purple prairie clover (Dalea purpurea Vent.); compared with temperate forage legumes (Fabaceae): alfalfa (Medicago sativa L.) and birdsfoot trefoil (Lotus corniculatus L.). Purple prairie clover and Illinois bundleflower were among the most palatable native legumes each year and were readily consumed by grazing sheep (Ovis aries L. [Bovidae] ). False indigo, a shrub, was the least palatable native legume. The leafiness, plant maturity, and nutritive value of leaves varied among legumes but were not associated with palatability.
here has been growing interest in the use of mixed grasslegume native prairie plantings for landscape restoration and for biofuel production. These mixtures typically contain a diversity of legumes and grasses to enhance adaptability and tolerance to stress (Tilman and others 2006) . While providing ecosystem services such as erosion reduction, carbon sequestration, and wildlife habitat, restored native prairies also have potential as a feed source for grazing livestock.
Native legumes are of unique importance in prairie systems because of their capacity to contribute nitrogen (N) to terrestrial systems through the process of biological N 2 fixation in association with rhizobia (Graham and Vance 2003; Byun and others 2004) . In native grass-legume polycultures, legumes can contribute N to grasses and improve overall sward nutritive value. Posler and others (1993) [Fabaceae] ) yielded more forage than did the grasses grown alone. These legumes also increased the crude protein (CP) concentration of the total forage compared with that of grass monocultures; however, they did not consistently improve digestibility of the combined forage (Posler and others 1993) . McGraw and others (2004) reported that several legumes including Illinois bundleflower, hoary tick clover (Desmodium canescens (L.) DC.
[Fabaceae]), purple prairie clover, and roundhead lespedeza (Lespedeza capitata Michx. [Fabaceae]) had lower neutral detergent fiber (NDF), a predictor of animal intake, and CP concentration than did warm-season grasses.
Plant palatability is an important component of its feeding value, which affects livestock performance. Palatability is defined as the selective intake or relative preference for forages by animals (Marten 1978) . Even with high nutrient value, low palatability can greatly reduce forage feeding value (Marten and others 1987; Sheaffer and others 1992) . In grazing systems, palatability can affect the utilization of specific forage plants when livestock can select among the forages. In addition to livestock performance, palatability can affect the persistence of grazed legumes because in a mixture of species with variable palatability, the most palatable species are most likely to be continuously grazed and eliminated. Plant factors affecting palatability include maturation, leafiness, presence of thorns, and chemical constituents (Marten 1978 (Marten 1978) . These secondary compounds may serve a useful purpose in providing plant defense against diseases or insects, but they also reduce the usefulness of plants for livestock. For example, Burrows and Tyrl (2001) (Cao and others 1996) are known to have chemical constituents that may influence palatability.
Our objective for this study was to determine the palatability to sheep and the nutritive value of several native perennial legumes that show promise for prairie restoration and grazing in the Upper Midwest. During previous investigations in Minnesota, we have identified Illinois bundleflower, wild senna, wild blue indigo, false indigo, and purple prairie clover as native legumes that have potential to provide a diversity of products including forage, seeds, and environmental benefits.
M A T E R I A L S A N D M E T H O D S
A legume palatability trial was established at St Paul, Minnesota, in 1997 on a Waukegan silt loam soil (fine-silty over sandy, mixed Typic Hapludoll) with a pH of 6.5 and phosphorus = 25 mg/kg (ppm) and potassium = 350 mg/kg (ppm). The experimental design was a randomized complete block with 6 replicates. Treatments were native perennial legumes: Illinois bundleflower, wild senna, blue wild indigo, false indigo, and purple prairie clover. Birdsfoot trefoil (Lotus corniculatus L.
[Fabaceae]) and alfalfa (Medicago sativa L.
[Fabaceae]), widely cultivated, nonnative temperate legumes, were included as controls.
Legume seeds were collected from native stands in Minnesota as part of the Indigenous Native Legume Project at the University of Minnesota. Commercial seeds of 'Alfagraze' alfalfa and 'Norcen' birdsfoot trefoil were purchased. Plots consisted of 15 individual plants spaced 0.3 m (1 ft) apart in rows, with rows 3.1 m (10 ft) apart. We felt that 6 replicates of 15 plants per replicate adequately sampled each plant population. The rows created alleys to provide free access to all legumes by grazing animals. Plants had been grown from seeds in 5 cm (2 in) diameter x 25 cm (10 in) tall containers filled with commercial potting soil. The seeds were treated with appropriate species-specific rhizobial inoculum produced by the University of Minnesota Rhizobium Research Laboratory (http://www.rhizobium.umn. edu/). Legumes were transplanted in June
[Poaceae]) and smooth bromegrass (Bromus inermis Leyss.
[Poaceae]) sod that had been previously killed by glyphosate herbicide (N-(phosphonomethyl) glycine).
In 1998 and 1999, the palatability of the legumes was assessed by 3 to 4 lambs (Ovis aries L. [Bovidae] ) that had previously grazed cool-season grass pastures. Palatability was visually estimated daily beginning 1 August 1998 and 26 July 1999. The plant material sampled each year was the first growth of the native legumes and the second growth of alfalfa and birdsfoot trefoil. The spring regrowth of alfalfa and birdsfoot trefoil had been mowed and removed so as to provide grazeable forage coincident with that of native legumes. The procedure used to determine palatability was similar to that used by Marten and others (1987) , Sheaffer and others (1992) , and Ehlke and others (2003) . The palatability score was expressed in terms of the percentage of total leaf mass consumed, using a score of 0 (no consumption) to 10 (100% of the leaf tissue consumed). We did not expect consumption of the stem fraction so the final palatability score was recorded when the leaf fraction of the herbage of several legumes had been well consumed (score of 8-9). We measured initial palatability at 4 hr and adapted palatability at 48 hr and 54 hr after initiation in 1998 and 1999, respectively. Before initiation of the palatability trial, average height and average maturity were measured, with 1 = vegetative, 2 = bud, 3 = 10% flower, 4 = 50-100% flower, 5 = seed set. A 0.2 kg (~0.5 lb) subsample was randomly harvested from several plants to a 5 cm (2 in) height and separated into leaf and stem fractions. Each fraction was dried at 55 °C (130 °F); weighed; ground (1 mm screen); and analyzed for CP (Kjeldahl N x 6.25), NDF (Goering and Van Soest 1970) , and in vitro digestible dry matter (IVD; Marten and Barnes 1979) . Leaf concentration was calculated on a dry matter basis.
Analysis of variance (ANOVA) was performed using PROC GLM function of SAS (SAS Institute 2001) to test for differences in palatability and nutritive value of the legumes. Treatment effects were considered significant at P < 0.05. Significant differences among treatments were separated with the least significant difference (LSD) procedure. Linear correlation analysis was used to determine the relationship between height, maturity, leaf concentration, and leaf nutritive value parameters with palatability. Correlation coefficients (r) were considered significant at P < 0.05.
R E S U L T S A N D D I S C U S S I O N
Palatability responses differed between years and results are presented independently for 1998 and 1999 (Tables 1   TABLE 1 Height, growth stage, leafiness, and palatablility of perennial legumes as determined by sheep in 1998 at St Paul, Minnesota. and 2). In both years, alfalfa and birdsfoot trefoil were initially consumed to the greatest extent with some consumption of wild blue indigo, Illinois bundleflower, and purple prairie clover. When grazing was terminated, sheep had consumed all legumes to some extent with alfalfa and birdsfoot trefoil among the most palatable legumes each year. In year 1, only purple prairie clover had similar final palatability as alfalfa; and in year 2, purple prairie clover and Illinois bundleflower had similar palatability as alfalfa and birdsfoot trefoil. In both years, Illinois bundleflower had similar final palatability as purple prairie clover. False indigo was the least palatable legume each year. The high palatability of wild blue indigo in year 2 contrasts with other published reports (Burrows and Tyrl 2001) ; but the consumption of some portions of even low palatable plants has occurred as animals sample and adapt to plants (Marten 1978; Ehlke and others 2003) .
Although previous studies with temperate grasses and forbs have related plant maturity to palatability (Marten 1978) , in our trial no consistent relationship between maturity and palatability existed (r = 0. 02 and 0.35 in 1998 and 1999, respectively) . In 1998, all native legumes except wild senna were vegetative to 10% flowering while alfalfa and birdsfoot trefoil were also flowering. In 1999, false indigo, wild blue indigo, and Illinois bundleflower were vegetative while all other legumes were near 10% flowering.
Height of legumes was related to palatability in 1998 (r = 0.60) but not in 1999 (r = 0.45). Leafiness was not related to palatability in either year (r = 0.05 and 0.09 in 1998 and 1999, respectively). False indigo, the native legume with the least palatability, was consistently among the native legumes with the least leaves and greatest height. However, false indigo had leaf concentration similar to alfalfa and birdsfoot trefoil, which were among the most palatable legumes. In contrast, purple prairie clover, one of the most palatable native legumes each year, was among the shortest and leafiest legumes each year.
Nutritive value relationships among legumes were consistent over years, therefore average values are shown in Table 3 . For all legumes, leaves had greater CP and digestibility and less NDF concentration than did the stems. This relationship is consistent with most observations on the effects of plant morphology on forage nutritive value (Nelson and Moser 1994) . Legumes differed in leaf nutritive value, but nutritive value was not associated with palatability. Correlation coefficients for CP, NDF, and IVD with palatability were 0.27, 0.01, and 0.01, respectively, in 1998; and 0.27, 0.02, and 0.01, respectively, in 1999. This overall poor association of nutritive value with palatability was in part because false indigo had leaf CP, NDF, and IVD levels z Maturity stage at initiation of grazing: 1 = vegetative, 2 = bud, 3 = 10% flower, 4 = 50-100% flower, 5 = seed set.
y Initial and final palatability determined after 4 and 48 hours, respectively. A score of 0 (no consumption) to 10 (100% of the leaf tissue consumed) was assigned.
that were equal to or greater than nutritive value of leaves of legumes such as Illinois bundleflower, which had greater palatability. Wild senna was among those native plants that had the highest leaf CP concentration and IVD while purple prairie clover was among those that had the lowest leaf CP concentration and IVD. Alfalfa and birdsfoot trefoil were consistently among those legumes with the highest leaf CP and IVD but also had leaf NDF concentration that was among the highest of all legumes. The lack of a consistent r elationship between nutritive value and palatability agrees with previous work on a diversity of plants (Marten 1978; Marten and others 1987) . We did not directly measure secondary chemical composition of these native plants, but it may have been associated with reduced palatability of some legumes. False indigo, the least palatable legume, has been reported to contain chemicals that are natural insecticides (Cao and others 1996) . In addition, Senna spp. contain several compounds including anthraquinones that may reduce consumption of them and have a laxative effect in animals (Burrows and Tyrl 2001) ; and wild blue indigo contains alkaloids that are bitter tasting to livestock (Burrows and Tyrl 2001) . Illinois bundleflower can contain flavanoids, but their effect on palatability is unknown (Nicollier and Thompson 1983) .
C O N C L U S I O N
In this trial with grazing sheep in which palatability was based on leaf consumption, native legumes varied in palatability. False indigo was among the least palatable; however, its low palatability compared with the other species may be related to its shrub growth habit. Illinois bundleflower and purple prairie z Maturity stage at the initiation of grazing: 1 = vegetative, 2 = bud, 3 = 10% flower, 4 = 50-100% flower, 5 = seed set.
y Initial and final palatability determined after 4 and 54 hrs, respectively. A score of 0 (no consumption) to 10 (100% of the leaf tissue consumed) was assigned.
N AT I V E
clover were among those native legumes with the highest palatability. Native legumes also varied in leafiness and leaf and stem nutritive value. Some native legumes such as wild senna had leaf CP and IVD values similar to alfalfa leaves. Nutritive value of leaves as measured by CP, IVD, and NDF concentration did not consistently relate to palatability.
Grazing of native legumes that vary in palatability will result in variable consumption by livestock. Under low grazing pressure, livestock are likely to avoid grazing false indigo and readily consume palatable legumes such as purple prairie clover and Illinois bundleflower. This potential for differential defoliation can lead to poor utilization of some legumes and poor persistence of others. There is a need to conduct additional grazing trials to evaluate livestock performance and utilization of native legumes in polycultures with grasses and other forbs. In addition, the results of our work should be applied only to sheep, as browsing species such as deer (Odocoileus spp. Rafinesque, 1832 [Cervidae]) may have different vegetation preferences. 
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